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A bstract . The average eneigies of L X-ray satellites of silicon with one to two spectator 
vacancies in the Afj or  ^ subshells are calculated in this work using a judicious mixture o f  
sudden and adiabatic models. The total average energies of the various defect-electron 
configurations needed in the evaluation of the transition energies have been calculated in the LS 
coupling scheme using relativistic Dirac-Fock values of direct and cxcliangc integrals.
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1. Introduction
II is well known that X-ray diagram lines are often accompanied on both high and low 
trcqucncy sides hy several weak lines called satellite lines. The high energy satellites are 
generally attributed to multiple ionisation of atoms in different shells. During natural 
processes like X-shcll shake off lollowing [i decay 11] and artificial processes like photon, 
electron or ion-atom interactions [2], multiple vacancies are created in the target atoms. 
Radiative decay of the inner shell vacancies of these ionised atoms yields a scries of satellite 
and hypcrsatcllile lines on the high energy side of the diagram lines. The spectral features of 
the emitted radiations arc of importance m the study of astrophysical and laboratory induced 
fusion plasmas |3], soft X-ray la.sers [4|, chemical analysis of materials [5] etc.
ThcL X-ray satellites are due to the transitions of electrons in the M,N etc. shells to 
theL-shcll in the presence of spectator vacancies m the M,N etc. shells. Though theoretical 
calculations on the cnerg- 's of L X-ray satellites arising from electric dipole and quadrupole 
transitions in the presence of single or multiple spectator holes in the M shell exist for heavy 
elements [6,7], no such systematic calculations seem to have been carried out for light 
elements. Hence in the present work an attempt has been made to calculate the average 
energies of L X-ray satellites of silicon with one to two spectator holes in the M\ or A/2 ,3 
shells. The purpose of choosing silicon is that it has wide practical applications and is found 
as an impurity atom in astrophysical and laboratory plasmas. Moreover, being a light element, 
the LS coupling approximation used in this work is valid.
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2. Procedure for calculation
The total average energies of an atom in various defect electron configurations are needed to 
calculate the energies of the satellite lines. The relativistic expression for the LS average 
energies of neutral and ionised atoms obtained from Slater's [8] non-relativl$tic expression is 
given by.
t  +
(all)
interaction energies 
(pairs)
(1)
where /^(nlj) is the relativistic one-electron energy integral. The electrostatic energies are 
given in tenns of direct and exchange integrals. The relativistic expressions for the one 
electron integrals and direct and exchange integrals are given by Larkins [9].
Two alternative approaches can be used to calculate the average energies of a 
particular configuration. In the sudden model, the total energies of ionised states are 
calculated using neutral atom wavefunctions. In the more realistic adiabatic i i^ e l, complete 
relaxation of orbitals is taken into account and the energies of the different iemised state arc 
computed separately by considering appropriate wavefunctions corresponding lo these slates. 
In this work, a judicious mixture of sudden and adiabatic models has been usea. The average 
energies of different configurations have been calculated using sudden moopl. However, 
following Larkins [9], a correction term corresponding lo the adiabatic relaxation of orbitals 
has also been taken into account.
The relativistic one-electron energies have been calculated using orbital exponents 
derived from neutral atom self consistent field wavefunctions f 10]. The relativistic Dirac Fock 
values of direct and exchange integrals have been taken from the compilation of Aoyogi etal 
[111. The average energies of the different configurations evaluated using eq. (1) are then 
corrected for relaxation effects. These values have been taken from the work of Larkins [12].
3. Results
Table 1 lists the energies of L X-ray satellites of silicon. In this table, the different dcfeci 
electron configurations are indicated by the missing electrons in the initial and final states. 
Column 1 of this table cofresponds to initial configuration and column 2 represents 
final configuration. Column 3 gives the energies of the various L X-ray satellites of silicon 
arising due to multiple ionisation. Column 4 reports the energy shifts AE of the different 
L X-ray satellite lines from their respective diagram lines. An average energy shift is 
obtained by summing the energy shifts of the various L X-ray satellites and dividing by the 
sum of the Af-shell vacancies. This gives information about the number of M-shell vacancies 
in addition lo the single vacancy in the L-shell present at the lime of L X-ray emission. In 
this work, an average energy shift of 3.52 eV per M-shell spectator vacancy 
for transitions is obtained. Similarly for transitions, the
average shift per M- vacancy turns out to be 1.27 eV. It may be noted that the distinction
L X-ray satellites of silicon 571
between M\ and A/2,3 electrons has not been taken into account while calculating the average 
energy shifts.
Table 1. Energies of L X-ray satcUiics of silicon in cV.
initial
configuration
final
configuration
energies
ineV
energy shifts 
ineV
2T* 3,r' 145 7
It-' 3/j-' 148.1 2.4
z r '  3 r ' 3,<“* 3/7“* 149.7 4.0
2!"' 3j-' 3/)-' 3,r* 3/7^ ^ 152.0 6.3
Zv"' 3.r- 3.V ‘ V '’ ' 8 0
z r '  3.r^ 3/)-' 3.V-2 3/7-^ 155.8 lO.l
2/r' 3,r* 91 6
2p~' 3/>-' 3.V * 3/7 ■* 92.8 1 2
2p-' 3i ' 3r^ 93 1 1.5
2p-' 3,r‘ 2p-' 3.r^ 3/7~* 93 5 2.0
2p-' 3 /r- 3.v“ * 3/r^ Q4.1 2.5
2p- ' 3.r' 3p-2 3.V-2 3/7 '2 95.8 4.2
4. Conclusion
Though considerable amount of experimental and theoretical study exits for the K X-ray 
satellites of silicon arising due to multiple spectator vacancy in the f--shell, similar work for 
ihaL X-ray satellites are not available. As such studies give valuable information on the 
different transient states of atoms ionised to different degrees, it is worthwhile to carryout a 
systematic experimental and theoretical study on the L X-ray satellites of different elements in 
the periodic table.
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